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Pleated panel filters offer a new commercial form factor for controlling VOCs in spacecraft 
cabin air. They differ from conventional commercial granular activated carbons because they 
have a lower pressure drop across the filter. A testbed was developed for evaluating the 
removal capacities of commercial pleated panel filters for NH3. The adsorptive capacity of a 
commercial cation-exchange pleated filter was compared versus the adsorptive capacities of 
two acid- impregnated activated carbons used for controlling ammonia in spacecraft cabin 
air. 
Nomenclature 
ACF = activated carbon fiber 
B-S  = Barnebey-Sutcliffe 
ECLS = Environmental Control and Life Support 
GAC = granular activated carbon 
ISS = International Space Station 
SMAC = Spacecraft Maximum Allowable Concentration 
TCCS  = Trace Contaminant Control System  
VOC = volatile organic compound 
mg = milligram 
I. Introduction 
EVITALIZATION of cabin air from portable life support systems, spacecraft, and surface habitats is important 
to ensure the safety and the comfort of the crew. Among various molecular contaminants, ammonia is an 
important contaminant that must be controlled below a 180-day SMAC level of 2 mg/m3, to avoid symptoms from 
exposure such as eye discomfort, solvent smell, and headaches.1,2 The Trace Contaminant Control System (TCCS) in 
the International Space Station (ISS) utilizes packed beds of Barnebey-Sutcliffe (B-S) Type 3032, an acid-impregnated 
granular activated carbons (GACs), to remove ammonia and VOCs from cabin air.2  
 B-S Type 3032 is no longer produced and its function in the Environmental Control and Life Support (ECLS) 
system must be replaced. To this end, several commercial GACs have been evaluated using moist (40% RH) spacecraft 
simulated gas streams for replacing its VOC (Molecular Products Chemsorb® 1000 and 3800) and ammonia (Calgon 
Carbon Ammonasorb II® and Molecular Products Chemsorb® 1425) removal properties.3,4  
 Pleated panel filters offer a new commercial form factor for controlling VOCs in spacecraft cabin air. Activated 
carbon fibers (ACF) and ion exchange resins are considered as alternative adsorbents to GACs for the development 
of efficient VOC filters. Generally, ACF cloth filters have larger surface areas, greater adsorption capacities, and faster 
heat and mass transfer properties than GCAs. Although these properties have been used in the design of thinner and 
lighter respirator cartridges for removal of VOCs, ACF cloth filters have low adsorptive capacities for ammonia.5   
 Ammonia is a basic contaminant gas that can be removed from air with cation-exchange resins.6 This approach 
has been used to develop efficient filters for controlling ammonia in industrial lithography processes.7 The sorption 
efficiency for cation-exchange resins increases with increasing acid strength of the functional groups, the relative 
humidity of the air, and the concentration of ammonia in the air.8,9 
The purpose of this study was to construct a testbed for measuring the adsorptive capacities of candidate pleated 
filter materials. The performance of the testbed was demonstrated by measuring the adsorptive capacity of a cation-
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exchange resin for ammonia removal under ISS environmental conditions (a relative humidity of 40% and an air 
temperature of 23ºC).  
II. Background 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A. Pressure Drop Considerations 
 Pleated panel filters have a lower pressure drop across the filter than conventional sorbent beds because they have 
a thinner sorbent layer thickness (Figure 1). The pressure drop of GAC sorbent beds can be decreased by increasing 
particle size but this may result in lower sorption rates due to decreased mass transfer and thus reduce the working 
capacity of the sorbent bed. 
B. Ammonia removal by acid impregnated GACs 
The working capacity of the acid-impregnated GACs 
depends on the amount and the chemical reactivity of the acid 
(~10-12% phosphoric acid). Ammonia is removed from the air 
passing through the GAC sorbent bed by a chemical reaction 
in the filter medium that essentially binds the ammonia and 
neutralizes it. The removal performance of the acid-
impregnated GACs decreases over time as the adsorptive 
capacity is exceeded and no more adsorption occurs. Thus, the 
GAC filter is a consumable product and the bed must be 
replaced before its performance decreases. The adsorptive 
capacities for ammonia of the acid impregnated GACs used in 
this study were measured using an open loop system utilizing 
40-60 mg of sorbent material.4 
C. Ammonia removal by cation-exchange resins 
 Cation-exchange resins are highly reactive with basic gases 
and have a higher adsorptive capacities than the acid-
impregnated GACs.7,8 Ammonia is removed from gaseous 
phase by an ion exchange reaction: NH3 is ionized by free 
water on the resin into NH4+, which reacts with the acidic 
functional group.6 The amount of free water in the resin 
depends on the relative humidity of the air, and the amount of 
ammonia  dissolved in the free water is determined by Henry’s 
law.6  The efficiency of removal depends on the humidity in the 
 
Figure 1. Comparison of pressure drop curves as a function of 
flow rate for GAC sorbent beds vs ACF pleated filter form factor.  
 
Figure 2 – Samples of cation-exchange pleated 
filter material were cut using a cork borer. 
The  filter consisted of ion exchange resin 
sandwiched between two layers of scrim. 
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air, and a humid resin removes NH3 from air much faster than dry resin. The resin can swell due to water adsorption 
causing a volume increase of up to 50%.7 A comparison of ammonia sorption from two commercially fibrous cation 
exchange resins (FIBAN K-1 – sulfonic acid and FIBAN K-4 – carboxylic acid) found that sorption in FIBAN K-1 
(strong acid) was independent of relative humidity and ammonia concentration, but the sorption by FIBAN K-4 (weak 
acid) was highly dependent on relative humidity and ammonia concentration.8,9 Although ion-exchange resins can be 
regenerated with acids, it is impractical to regenerate in space and the pleated filter material is also a consumable that 
must be replaced before its performance decreases.9 
 The cation-exchange filter material tested in this study is composed of ion exchange resin beads sandwiched 
between two layers of scrim material (Figure 2). The resin mass varies between 86-90 mg/cm2, depending on the 
degree of hydration of the resin. The scrim material represents ~9-10 mg/cm2. 
III. Testbed Design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 The testbed was designed to accommodate discs cut out from a pleated filter within a disc holder (Figure 3; left). 
The disc holder was machined from stainless steel. It holds the filter discs (6 and 15.5 mm diameter) between two o-
rings to force airflow to pass perpendicular to the filter.  The disc holder is fitted into a sealed housing that passes 
simulated spacecraft gas streams through the filter disc (Figure 3). VOC removal is expressed on a filter disc mass 
basis. 
 
During validation testing, it was noted that the sealed housing of the testbed 
holds up to 360 ml of dead air space below the filter disc. This volume is filled 
with N2 when the air flow through the testbed is measured prior to supplying the 
challenge concentration of ammonia. When the challenge concentration is first 
applied to the filter holder, the dead air space is diluted as ammonia is added to 
the housing, which affects the shape of the breakthrough curve during the first 
3-5 minutes. The overall effect of the dead air space was to introduce an artificial 
increase in filter capacity, especially at low ammonia concentrations. Thus, a 
bleed valve was installed in the chamber below the filter disc (Fig. 4). The valve 
allows the challenge concentration to purge the 360 ml volume below the filter 
disc for 30-40 seconds, which is slower than the time constant for adsorption 
into the filter material. Once the chamber volume is purged, then the challenge 
concentration can be applied to flow through the filter disc. 
A. Open Loop System 
An open loop system was used to measure the adsorptive capacity of the 
cation-exchange filter (Fig. 5). A gas stream composed of nitrogen was humidified to 30-40% RH and mixed with 
ammonia. The system delivered between 2-50 ppm of moist ammonia gas to a disc of cation exchange at 0.6 to 1 
 
 
Figure 3. Open loop system for measuring adsorptive capacity of a cation 
exchange filter for ammonia. 
 
Figure 4. Detail of the bleed 
valve of the testbed. 
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liter/min flow. The temperature of the laboratory was set at 23 °C. The gas stream passed through the sorbent and the 
NH3 concentration was measured using a Gasmet 4030 FTIR. Pleated filter samples were cut to 6 mm or 15.5 mm 
diameter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conditioning of the filter discs was also found to have a significant impact on the measurements of adsorptive 
capacity. Ion exchange resins degrade over time and the degradation rate is temperature dependent. The cation-
exchange filters adsorb water vapor during long-term storage and thus have to be dried. A method was devised 
whereby the discs were dried for 3 hrs with dry nitrogen gas. This method was preferred to drying in an oven to avoid 
denaturing the cation-exchange resin.  
IV. Results and Discussion 
A. Ammonia Removal 
 The cation-exchange resin had a high affinity for ammonia at 20 and at 60 ppm (Figure 6; Left). Reducing the disc 
diameter from 15.5 mm down to 6 mm shortened the duration of each adsorption experiment by ~48 hrs (i.e. ~2.7 
times faster). Reducing the diameter of the disc was useful for reducing the duration of each experiment from 78 hr to 
29 hr at a challenge ammonia concentration of 5 ppm. However, this increased the superficial velocity through the 
disc, causing a change in the shape of the breakthrough curve (Figure 6; Right).  
B. Ammonia Concentration 
The cation exchange pleated filter has a significantly higher ammonia removal capacity than the acid-impregnated 
GACs AmmonaSorb II and B-S Type 3032 (Figure 7). These results are consistent with the findings of Horiouchi et 
 
 
Figure 5. Open loop system for measuring adsorptive 
capacity of a cation exchange filter for ammonia. 
 
 
Figure 6. Open loop system for measuring adsorptive capacity of a cation exchange filter for 
ammonia. 
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al (2000).10 They suggest that the kinetics of ammonia uptake are faster because the resin has a stronger acid than 
phosphoric acid, and because the adsorbed ammonia molecules can move inside the cation exchange resin by diffusion 
resulting in a uniform level of adsorbate, while the ammonia captured by the acid-impregnated GACs could not move 
once adsorbed. The adsorptive capacity of the cation-exchange pleated filter was independent of the the ammonia 
concentration, which suggests that the functional group in this cation-exchange filter is a strong acid.9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusions 
A testbed was developed for measuring the adsorptive capacities of pleated filters for controlling VOCs in 
spacecraft cabin air. The testbed holds filter discs of pleated material in a housing and the disc is challenged with 
simulated spacecraft air streams in an open loop configuration. A bleed valve was needed to eliminate an artifact 
caused by a 360 ml volume of dead air below the filter disc. Reducing the diameter of the filter disc was useful for 
significantly reducing the duration of the adsorption capacity experiments at low VOC concentrations.  
The testbed was used to determine the adsorptive capacity of a commercial cation-exchange pleated filter for 
ammonia. The cation-exchange resin was found to have a higher capacity for ammonia removal than two acid-
impregnated GACs (B-S 3032 and Ammonasorb II). The adsorptive capacity of the cation-exchange pleated filter 
material was found to be nearly independent of ammonia concentration, indicating that the cation-exchange resin 
contains a strong acid functional group. Future studies should examine the effects of humidity and temperature on the 
adsorptive capacities of the cation-exchange filter material tested in this study. 
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